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During the previous year  techniques have been s u f f i c i e n t l y  

developed t o  ob ta in  s i g n i f i c a n t  information, which al though 

q u a l i t a t i v e ,  has served t o  def ine  the immediate r e sea rch  ob- 

J e c t i v e s  f o r  the near  f u t u r e .  I n  p a r t i c u l a r ,  I. Gupta has 

completed a survey af the behavior of carbon i n  tungsten which 

has been accepted f o r  an M.S. thesis. Technical Repor t  No. 1 

has been prepared based on h is  w w i L  and the a b s t r a c t  of Techni- 

c a l  Report Nu. 1 is a t tached  as  Appendix A of t h i s  r e p o r t .  

M .  At tardo working w i t h  P r o f .  J .  Gal l igan has surveyed the 

e f f e c t  of neutron damage i n  platinum, a r e p r e s e n t a t i v e  f . c . c .  

metal .  A brief summary of t h e i r  r e s u l t s  t o  date i s  given i n  

Appendix B o f  t h i s  r e p o r t .  Also, A.  Tobin working with Prof .  

J. Gal l igan  has  f i n a l l y  succeeded i n  e l imina t ing  the l eaks  from 

the u l t r a  high vacuum system. T h i s  u n i t  w i l l  i n i t i a l l y  be used 

by P ro f .  Gl l igan  and J. Papazian t o  s tudy the f e a s i b i l i t y  of 

an "exc i ted  s ta te"  helium microscope. The l a t t e r  has  completed 

des ign  s t u d i e s  f o r  the  add i t iona l  components requi red  f o r  t h i s  

microscope which w i l l  be constructed and tested i n  the  coming 

year .  
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APPENDIX A 

A SURVEY O F  THE BEXAVIOR IN TUNGSTEN 
AS REVEALED BY FIELD ION MICROSCOPY 
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I. Gupta, E. S. Machlin, and J. Galligan 

Abstract : 

Field Ion micrographs have been obtained from tungsten and 

tungsten-carbon alloys which have been subjected to a variety of 

heat treatments. It has been found that carbon in tungsten 

stabilizes the formation of stacking faults. An estimate has 

been obtained for the binding energy of carbon to stacking 

faults in tungsten which is 1 - + 0.25 e.v., based on the 
minimum temperature for annealing out the stacking faults 

(3000°C). 

Tnergy for carbon based on the observation that stacking faults 

Surfaces in tungsten have a much higher binding 

in tips of about 10’’ cm diameter can be annealed out at much 

lower temperatures. The t rue  lattice solid solubility of carbon 

in tungsten is probably much smaller than previously reported. 

The field evaporation potential for carbon exceeds that for 

tungsten. It is orientation sensitive and greatest in the 

vicinity of the (100) poles at the surface. 
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SUMMARY OF PRELIMINARY FIELD ION MICROSCOPE OBSERVATIONS 

OF POINT DEFECTS I N  PLATINUM 

In t roduc  t i a n  

One af the  main w ~ e ~ t i v e s  of t h l s  research  18 tu c l a r i f y  by 

the means ai' d i r ec t  Jbserva t i jn  i l l  the I 'ield 1.m microscope, the 

i n t e r p r e t a t i s m  of the recevery spectrum a f t e r  e i ther  queliching, 

i r r a d i a t i u n  ar cold w r L L  t h a t  p r e v i u u s l y  has  ueen ini 'erred by 

i n d i r e c t  measmements. h u n g  the p o i n t s  a t  iSat!e a r e :  

Cancentration ,I' -1 n t e r s t i t i - a l s  and t h e i r  d i s t r i b t . t l o n  

a f t e r  Stabe I recuvery.  

R u l e  bf impur i t i e s  i n  the nu.cleatiQn of p o i n t  Ce iec t  

c l u s t e r s .  

The pclint dei 'ects respmsible f o r  recGvery i n  Stages 11, 

I11 and IV. 

SAze dependence of  r a d i a t i d n  dcmage. 

Experimental Procedure 

R e l a t i v e l y  p u r e  platinum ( b 9 . 5 9 ~ )  wire was i r r a d i a t e d  i n  the 

Hudson LaLoratGries td Culumaia University ti, ldd, Id8  and 

IG*' nv t .  a t  r2c .m cemperatuie. 

accurs  lCG°C above r w m  temperature.  The temperatLre i n  the p l l e  

did nclt exceed (G'C.) After i r r a d i a t i b n  a r a d i o a c t i v e  a c t J v a t i o n  

(In platinum, Stage 111 recovery 

ana lys id  revealed ntl seriutis Lontamlnatidn. Tips were made f r o m  

the l r r ad ia t ed  w i l e  LJY e l ec t rvpu l i sh ing  i n  KCN s o l u t i o n ,  f l o a t i n g  

dn uarLon t e t r a c h l o r i d e .  Exanination was then unde r t a -en  I n  a 

glass  micrdscope, evacuated t o  lU-' m.m. Hg., a f t e r  which helidm 

waa admitted through a heated vycor tube.  A t i t anu im Getter was 

subsequently heated t o  remove any a c t i v e  gases such a s  oxygen or 

n i t r o s e n .  With t h i s  procedure stable images were obtained.  The 
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cold  f i n z e r  of the f i e l d  -an microscope was maintained a t  . ( 8 O K  

throuzhout the measwements. 

Resu'L6s and Discussion 

One of the more s t r i k i n t ,  r e s u l t s  or" t h i s  i n v e s t i g a t i c n  has  

been the observat ion of' c l u s t e r s  ai' i n t e r s t i t i a l s  i n  the irradi-  

ated platinum, f ig .  1. These a r e  d i s t ingu i shed  Trom atoms i n  

ncrmal p o s i t i o n s  in the following way. 

i. A t  equiva len t  positions the observed i n t e n s i t y  is  d i s -  

prop o r  t iona t e l y  high. 

ii. Long t i m e  observation, about  L i f t een  minutes, of some 

p a r t i c u l a r  bright spots has revealed tha t  a br ight  s p o t  can d i s -  

appear when some atms pop out onto the,surPace.  This  i n d i c a t e s  

t ha t  the brizht spot is assoc ia ted  with.a large cen te r  o.f atress, 

s p e c i z i c a l l y  some atoms i n  i n t e r s t i t i a l - p o s i t i o n s .  This  only 

wcurs  when very c a r e f u l  f i e l d  evaporat ion i s  undertaken and the 

briL;ht s p G t  is very c l o s e  t o  the su r face .  

The observed shapes or' these i n t e r s t i t i a l  c l u s t e r s  vary 

l'rom squares  t o  l i n e s  and t o  t r i a n g l e s . .  From this ~t can be 

i n f e r r e d  t h a t  cjne shape that i n t e r s t i t i a l  c l u s t e r s  take is  tha t  

of a te t rahedron.  

Another i n t e r e s t i n g  observat ion i s  concerned with the O C C ~ T -  

rence or' i n t e r s t i t i a l  clListers in the less heav i ly  damaged reg ions ,  

zi& 2. 

The m i n i m u m  nvmber of atoms assoc ia t ed  w i t h  the i n t e r s t i t i a l  

clusters i n  these reg ions  appears tc be two. Vacancy c l u s t e r s  

are also observed. The concentrat ion of s i n g l e  vacancies i s  

very small compared to the observed concent ra t ion  of c l u s t e r s .  

S i n g l e  l n t e r s i t i a l s  have no t  been observed. 
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Cgnclusiuns: 

Fruin the w x k  t ~ )  d a t e  it is  apparent  t h a t  i n t e r s t i t i a l  

clusters a r e  s t a b l e  i n  p1atlnv.m a t  rubin temperature (beldw Stage 

I11 recdvery.  ) T h i s  ubser.Tatim >y L t , > e l f  d4es  n u t  c m p l e t e l y  

<.larify the i n t e r p r e t a t i u n  di' the recbvery s t a g e s .  The recovery 

t rea tments  necessary td clistin,L:ish between a l t e r n a t e  Interprets - 

t ioi is  a r e  p r e s e n t l y  underway. The U. Sel.vatidn, hdwever-, does set  

a necessary  iond i t lun  f o r  aizy i i i t e rp re t a t idn  c ~ r "  the Stage I11 and 

I V  recovery .  n t r t h e r m ~ r e ,  n e i t h e r  Stage I or I1 can indulve t h e  

ccmpiete remc>\;al iii i n t e i  s t i t i a l s .  

Became, the p r o b a u i l i t y  uf' inbtlun ;i' s i n g l e  vaLancies  i n  

the speclinens dbserved is small ,  It IS l i ; ,e ly  t h a t  the dbserved  

vacancy c h s t e r s  i'wmed d u i n L  i r r a d i a t i m ,  much a s  ind ica t ed  by 

the  machine c a l c u l a t i b n s  uf Vineyard (1) . 
The i n v e s t i g a t i m  is  st111 i n  t w  e a r l y  a s t a s e  tc/ c jnc lude  

inure than  t h e  aZr3ve. 
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Fig. 1. Neutron irradiated platinum 10l8 n v t  showing clusters 
of interstitials. 



F i g .  2. Interstitials and vacancies In less heavily damaged 
regions of irradiated platinum. 


